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Dear S i r :  
Th i s  i s  t h e  t e n t h  q u a r t e r l y  progress r e p o r t  submitted i n  accordance w i t h  the  
requ i rements o f  NASA Cznt rac t  NASr-  169 cover ing t h e  per Iod January I, 1906 through 
June 30, 1565. 
Work dur inc  the  f i r s t  s i x  m n t h s  of 19E6 on t h i s  Dro jec t  has been d i rec ted  
toward t h e  completion c f  hardware procurtment arid c m s t r u c t l o n .  
f i c a t i o n s  were pu t  i n t o  f i n a !  form for  nego t ia t i on  of a sub-contract f o r  con- 
s t r u c t i o n  c f  t h e  mechanized microscope t o  be used as t h e  Inpu t  for  our  automatic 
chrm,osom+ ana lvs i s  s v s t m .  It was determined t h a t  t h e  Perkin-Elmer Corporat ion 
was bes t  s u i t e d  t o  c a r r y  o u t  t+e cons t ruc t ion  of i b e  l ns t runen t  under sub-con- 
i - rac t .  Accordinqly, negotis+ions were e n f i r e d  i n t c  and +he sub-contract was 
developed i n  f i n a l  for9 and signed i n  \larch 1946. 
3esign speci- 
During t h i s  t ime  pe r iod  t h e  necess?ry d i g i t a l  q u i p m e n t  wcs procured for  de- 
velopment of t h e  con t ro l  logic system t o  operate t h e  mechanized microscope i n  our  
laboratory .  
35 mm. photographs us ing a mechanical scanninc: system. 
l i v e r e d  i n  t h e  Spr ing o f  1966 and f u r t h e r  e f f o r t  was devoted t o  i t s  i n t e g r a t i o n  
i n t o  t h e  automatic ana lys is  system. 
I n  add i t ion ,  work was completed on t h e  a l t e r r , a t i v e  i npu t  system f o r  
The instrument was de- 
The p r e c i s i o n  scanning system t o  take the  da+a presented by t h e  a l t e r n a t i v e  
i npu t  systems and sub jec t  it t o  conversion i o  d i g i t a l  form for computer ana lys i s  
i s  now under cons t ruc t ion .  
necessary p lans drawn f o r  t h e  c o w l e t i o n  o f  t h i s  component. No e f f o r t  was de- 
voted t o  t h e  computer proqravtnina f o r  chromxome count ins and ana lys is  becaGse 
o f  ou r  concent ra t ion  on t h e  com?lct ion of  t h e  hqrdware phase o f  t h e  work. 
Oeta i led system design s tud ies  were c a r r i e d  o u t  and 
I n  o rder  t o  c l n r i f y  and surnmarizg the automatic ana lys i s  system a t  i t s  present  
stage of development, a d e t a i l e d  system desc r ip t i on  i s  appended as p a r t  of t h i s  
repor t .  a 
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AUTOMAT 1 C CYTOGENET 1 C At\!F.LYS 1S SYSTEVI 
1 .  System Description -
The system is composed of a digital compu-i-er, an ultra-?recision flying 
spot scanner and a mechanized microscc?e using either an incoherent or a coherent 
light source. The functions I-o be nerforrned ars: 
1 .  Getection of mitotic cells 
2. Ptacenent of mitotic cells urider optical mlcroscope 
3.  Foci~ss i ng of m i cr0scoc)e 
4. Classification of mitotic c e l l s  into two categories: 
a. 
b. 
Suitable for chrmosme count only 
Suitable for chromosme count and karyotype (matching of appropriate 
parts of chromosomes) 
6. Analysis of the cell within the limits set by 4, a and b, and output of 
results of analysis by means of photograph, printed page or  magnetic tape. 
(The purpose of the magnetic tape is for additional processing by a lar- 
ger computer or at a later tima by the small computer.) 
A .  Subsvsteins and their functions 
The digital computer is a Model P9P 7, manufactured by the Digital Equip- 
ment Corporation in Flaynarc!, !lass. The Precision Flying Spot Scanner is modeled 
afler the Model 31 of the Digital Equipvent Cor?oration. However, it i s  under 
manufacture at the University of Pittsburgh using flip chip modules, a Celco 
deflection system and a Litton Micropix tu5e. 
designed and developed by the Ferkin-Elmer Corporation of Norwalk, Connecticut. 
Delivery of the instrument is due in Noveiber, 1965. 
The complex microscope system was 
I .  Ccmputer: Tne purpose of the computer is to perform three functions. 
a. Control of the mechanized microscope 
b. Control of the flying spot scanning system 
c. Analysis of the data obtalned by the flying spot scanning system. 
2. Flying spot scanning system: This subsystem is capable of three operations. 
Scan of the microscope slide with a . 2  micron spot 
Display of s. cmpuSer generated character or characters on photo- 
graphic film in a camera located in +he data chamber of the nicro- 
scope. 
for processing by the computer. 
a. 
b.  
c. Scan of photographic film, putting the information into digital form 
3. Mechanized microscope: This instrument will be discussed in three general 
areas because of  its complexity. The first is that of mechanics, the 
second, the coherent light optical path, and third, the incoherent light 
opt ics!  path. 
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The mocbmical p c r i i o n  of the  microscope cons is ts  of a r o t a t i n g  Dlaten, 
a r a d i a l  s l i d e  and an autofocus assembly. 
dard 2-inch microscoos s l i des .  It can be operated i n  two modes, a scan mode and 
a r e p o s i t i o n  mode. The r a d i a l  s l i d e  i s  pos i t ioned by a step motor which incre-  
ments the  s l i d e  asseribfy appraximately 50 microns a t  t h e  ccmpletion of each revo- 
l u t i o n  of the  p la ten.  The f i r s t  
i s  a s tep  motor which increments the  focus assembly approximately .5 microns on 
each increment. The second i s  a piezc e l e c t r i c  c r y s t a l  which i s  capable of 
incrernenting t h e  autofocus assembly approximately . I micron per  increment. 
a t  6,328 angstroms. This  coherent l i g h t  source i s  focused ir??-o a 50 micron spot  
on t h e  microscope s l i d e .  l i g h t  passing through t h i s  s l i d e  i s  f i l -  
te red  by one h igh  and one low frequency s o a t i a l  f i l t e r .  L i g h t  ou tpu t  from t h e  
s p a t i a l  f i l t e r s  i s  then nlonitored by two Dho tomu i t i p l i e r  tubes. The a l e c t r i c a l  
s igna l  from t h e  p h o t m u i t i p l i e r  tubss i s  converted i n t o  d i g i t a l  form by two 8 
b i t  succzssivc apprcximation type analog t o  d i g i t a l  converters. From t h i s  data 
t h e  comouter then de-:ermines i f  a m i t o t i c  c e l l  i s  or  i s  n o t  x e s e n t .  
The r o t a t i n g  p la ten  holds s i x  stan- 
The autofocus assembly cons is t s  o f  two par ts .  
The coherent l i g h t  microsco2e cons is ts  of a hzlium-neon laser  emmiting l i g h t  
The coherent 
Wi th an i w o h e r e n t  l i q h t  zource, t h e  n icroscops can be used as a conven- 
t i o n a l  microscope, t h a t  is, t o  viaw microscope s l i d e s  i n  a magn i f i ca t i on  o f  
IOOOX. L i k z  a conventional microscope it can be used t o  photograph whatever i s  
i n  t h e  f i e l d  o f  view. I n  a d d i t i o n  t o  t h e  conventional func t ions  in  t h e  incoherent 
I i g h t  mode, the  microscope also ac ts  t o  cjemagnifv t h e  25 v i c r o n  spot  s i z s  of t h e  
f l y i n g  spGt scannirg system t o  a .2 micron spot  s i z s  which scans t h e  microscope 
s l i d e .  I n  a d d i t i o n  t o  demagn!iyinp ?he mot,  the re  i s  an i d e n t i c a l  o p t i c a l  path 
re fe renc ing  i h s  l i g h t  ~ i l i - p i i i  of the  cctitode ray  tube. 
The incoherent l i g h t  microsccpa a l s o  d i f f e r s  f r G m  t h e  conventional micro- 
scope i n  t h a t  i t s  X,Y and 2 coor inates can be automat ica l l y  con t ro l led ,  i.e., 
pos i t ioned and monitored by computer. Also, u n l i k e  t h e  conventional microscope, 
t h i s  microscope can be automat ica l l y  focused w i thout  human in te rven t ion .  
The f l y i n g  spot  scanrrtns system i n  c m j u n c t i o n  v: i fh t h e  incoherent l i g h t  
microscope a l s o  p a m i t s  us t c  w r i t e  n e r t i n e n t  data about t i l e  photograph d i r e c t l y  
on t h e  photograph. 
1 1 .  Sequence of  opera t ion  of t h e  -- systarn 
Step I .  Lcading Mode 
a. 
b .  
c. Loading of t h e  con t ro l  and ana lys is  programs i n t o  t h e  d i g i t a l  
Loading of s i x  standard 2" x I" microscope s i  ides on to  t h e  
platen. 
C a l i b r a t i o n  of t h e  analog por t i ons  of t h e  system. 
ccinpu t e r  . 
Step 2. Scan Mode 
During t h i s  mnode the platen i s  ro ta ted  a t  approximatelv 20 rpm by a 
synchronous motor. With each revo fu f i on  of t h e  p l a t e n  t h e  r a d i a l  arm i s  incre-  
mented by approximately 50 microns. Ouring t h i s  per iod  t h e  l i g h t  ou tpu t  o f  t h e  
spa t ia !  f i l t e r s  i s  monitore?! by the photomQl t ip l ie r  tube and i s  used as a data 
i npu t  t o  t h e  computer. 
Should t h e  c r i t e r i a  be met, t h e  scan opera t i cn  i s  then terminated au tomat i ca l l y  
and a r e p o s i t i o n  mode i s  then a u t m a t i c a l l y  i n i t i a t e d .  
Tnis data i s  cons tan t ly  k i n g  compared for g iven c r i t e r i a .  
Siep 3. Repositio:: !.?=de 
The r e p o s i t i o n  mode automat ica l l y  I n i t i a t e d  a t  t h e  end of  the scan mode 
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proceeds as fo l lows:  
a. Upon t t e  de tec t i on  o f  a p i t o t i c  c e l l ,  t h e  absoiute angle o f  r e v o l u t i o n  
of the  p la ten  from a 17 b i t  sha f t  encoder i s  t rans fered  I n t o  t h e  memory 
o f  t h o  Cm#p’JtPr. 
b. The r a d i a l  stepping motion i s  i r fh ib i ted.  
c. The synchronous motor d r i v e  i s  disconnected and a s tep  motor d r i v e  i s  
connected. 
Once t h e  r o t a t i n g  p I & m  has been s+opped, t h e  nex t  s tep i s  t o  p o s i t i o n  t h e  
ml to r ic  c e l l  which has j u s t  bsen detected by t h e  coherent l i g h t  microscope, under 
t h e  o b j e c t i v e  tens of t h e  incoherent l i g h t  nicroscope. Th is  i s  accomplished by 
an incremental step motor dr iven  thmugt? two separate gear t r a i n s .  The gear 
t r a i q s  a re  se lected by t h e  computer. 
r a t i o  which enables t h e  s tep Totor  t o  make la rqe  i n c r e m n t a l  change u n t i l  t h e  
present  ou tpu t  of t h e  s h a f t  encoder agrees t o  w i t h i n  t h e  f o u r  l e a s t  s i g n i f i c a n t  
b l t s  of the number s to red  i n  t h e  ccmputer from t h e  i n i t i a l  contact. When a l l  
b i t s ,  exceDt t h e  f o u r  I s a s t  s i g n i f i c a n t  bits, comparc, t h e  d i r e c t  d r ive ,  !.e., t h e  
one t o  one step r a t i o ,  i s  disengaged and a 200 t o  one qszr r a t i o  i s  inser ted  i n  
t h e  mechanical path. The step motor i s  then inc rmen ted  a n t i 1  a l l  b u t t h e  l e a s t  
s i g n i f i c a n t  b i t s  cmnare  t o  t h e  numbers s to red  from t h e  i n i t i a l  contact. This 
completes t h e  repos i t i on ing  mode and ?laces a m i t o t i c  c e l l  d i r e c t l y  i n  t h e  center  
of t h e  f i e l d  of  view of t h e  incoherent iight rnicroscope. The instrument therl 
proceeds t o  t h e  automatic focys step. 
The f i r s t  gear t r a i n  i s  a one t o  one 
SSep 3. Automatic focus 
As i s  t h e  case w i t h  any conventional o p t i c a l  rnicroscope, t h e  depth of f i e l d  
i s  d i r e c t l y  r e l a t e d  t o  t h e  magn i f i ca t ion  fac to r .  
and 5000 angstroms l i g h t ,  t h e  depth o f  f i e l d  i s  of approximately . 3  microns. 
Th is  f a c t  makes automatic focus B n o n t r i v i a l  Droblem which has n o t  d e f i n i t e l y  
been solved 3s y e t ,  although bread board I - r i a l s  sliggest t h a t  I t  i s  solvable. 
With a magn i f i ca t i on  of  IOOOX 
Our approach t o  t h e  problem of autcxnatic focus i s  as follows: 
p rec i s ion  scanning system i s  act ivated.  l i  scans the  area of t h e  microscope 
s l i d e  under t h e  ob jec t i ve .  
tude o f  the change f o r  several scan l i n e s  i s  s to red  i n  memory along w i t h  t h e  
corresponding focus pos i t i on .  
number and i t s  correspondins p o s i t i o n  f o r  svery .5 microns u n t i l  a d is tance of 
t e n  microns has been l-ravorsed. The step motor is then reversed end stepped 
u n t i l  t h e  p o s i t i o n  of t h e  h ighes t  number of dens i ty  changes t h a t  occurred dur ing  
t h e  13 micron t r a v e l  has been reached. Th is  ccmpletes t h e  autofocus funct ion.  
The u l t r a -  
The nuvber 0 4  dens i ty  civnges neighted by t h e  magni- 
Th is  process i s  performed s t o r i n g  o n l y  t h e  h ighes t  
Step 4. Photograph 
When an acceptable c e l l  has Seen detected, t h e  photograph of t h e  c e l l  i s  
taken on 35 mm f i l m .  
can now mako a dec is ion  as t o  t h e  v a l i d i t y  of  t h e  c e l l  r ecogn i t i on  and t h e  proba- 
b i l i t y  of i t s  s a t i s f a c t o r y  anaI:,sis. Sirice t h i s  photograph w i l l  serve as f u t u r e  
reference it must be c l e a r l y  msrked as t o  o r i g i n .  Th i s  photograph must a i s o  con- 
t a i n  enough data t o  permi t  reexamination o f  t h e  c e l l  on t h e  microscope by a 
human observer should it be necessary. The u l t r a p r e c i s i o n  scanner i s  used i n  t h e  
second mode a t  t h i s  time, t h a t  i s ,  it i s  used t o  d i sp lay  computer generated char- 
ac te rs  which a r e  focused onto t h e  data area o f  t h e  f i l m  plane. 
Using t h e  da ta  ob ia inee dur ing  t h e  autofocus func t i on  we 
The photography 
sequence i s  as fo l l ows :  
1 .  Various, m i r r o r s  and shut te rs  are  pos i t i oned  t h a t  a l l ow  a tungston 
source t o  i l l u m i n a t e  t h e  microscope slide and t o  prov ide  an o p t i c a  
path t o  a pre-focused automatic 35 m n  camera. 
.. .. 
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2. M i r r o r s  and shut te rs  a re  reposi t ioned t o  prov ide  an o p t i c a l  path between 
t h e  face of  t h e  u l t r a p r e c i s i o n  cathode ray tube and t h e  data area of t h e  
f i l m  plar;e. 
A s e t  of computer-generated characters a re  then w r i t t e n  onto 
area of  t h e  pnotocjrapt,. 
3. t h e  data 
Th is  completes the  photographic phase of t h e  sperat ion.  
Step 5 .  Analys is  
The microscope has now i n  i t s  f i e l d  of view a m i t o t i c  c e l l .  We would now 
a. 
b. 
Wide v a r i a t i o n s  of size, shape and dens i ty  of t h e  chromosomes r a q u i r e  each 
l i k e  t o  analyze t h i s  c e l l  for several parameters. 
Simply count the  number of chromosones present  i n  t h e  c e l l .  
Compare each chrcxnosome w i t h  i t s  bes t  poss ib le  mate, no t i ng  any and a l l  
dev ia t ions  frm t h e  normal chrcrnosome oat te rn .  
c e l l  t o  be analyzed w i t h i n  i t s  o\m frame of r e f v e n c e .  The v a r i a t i o n  diue to t h e  
b i o l o g i c a l  na ture  o f  t h e  sysiern a r e  con;poi;nded by over lapoino o r  touching of t w c  
or  more chrmosorres of t h e  c e l l .  
somes w i t h i n  the  c e l l ,  and nc extraneous p a r t i c l e s  a re  i n  the  f i e l d  of view, then 
count ing chromosmes i s  r c ? l a t i v e l y  easy. P a i r i n g  t h e  chromosomes or karyotyping, 
as t h i s  process i s  ca l l ed ,  i s  a i  leas f  se\.'eraI orders of magnitude more d i f f i c u l t  
based on the  s2me i n i t i a l  assumptions as the  count ing problew. P a i r i n g  a lgo r i t h ims  
Assuming t i - a t  t he re  i s  no over lapping of chromo- 
must be 
a. 
b. 
d .  
e. 
f .  
C. 
3. 
h. 
i. 
? -  
The 
and may 
f i c u l t ,  
scanner 
capable o f  t h e  fo l l ow ing :  
D is t i ngu isn lna  shape, i.e., X or Y con f igura t ion .  
Determine s ize,  i.e., t h e  length of arms. 
F ind ing l oca t i on  o f  c o n s t r i c t i o n s  o f  sms, i.e., primary o r  secondary. 
Recording more than one c o n s t r i c t i o n  i n  t h e  same chromosome, i.e., a 
d i c e n t r i c  chromosome, or one w i th  a chromatic! gap. 
Detenning t h e  o r i g i n  of, and reccrding, d i s j o i n t e d  par ts ,  i.e., fragments. 
Accepting as normal, crossed arms b u t  n o t  d i c e n t r i c  chromosomes. 
Is t h e  s i t u a t i o n  i n  which 3rms t h a t  a r s  simply over lay ing  each o the r  by 
reasons of chance. 
Recording ring-shaped chromosomes, i.e., t h a t  is an X-shaped chromosome 
w i t h  t h s  very ends touching, but  ona p a i r  o f  arms. 
P a i r i n g  each chromcsome w i th  i t s  b e s t  poss ib le  msto. 
P lac ing  pa i red  chromosomes i n  appropr ia te  groups i n  accordance w i t h  cyto-  
genet ic  convention. 
Recordins t h e  group i n  which an abnormal chromosome appears. 
programs t o  c a r r y  o u t  t he  3 b o w  t e n  func t i ons  have n o t  as y e t  been w r i t t e n  
indeed be impossible. Ait?ough t h e  problem appears t o  be extremely d i f -  
we be l i eve  t h a t  t h e  sys?en: which we a re  developing, w i t h  i i s  microscope, 
end c m p u t e r  q ives  us t n e  best  Dossib ie  chance t o  reach a s o l u t i o n  t o  
Th is  
t h e  problem. 
plane w i t h  a maximum access t i m e  of 50 microseconds. 
a random access memory G f  1,308,576 words of 8 b i t s  each. Th is  technique, we 
hope, wi l l  a l l ow  us to  perform a ra thar  complex ana lys i s  on a computer w i t h  a 
small magnetic core random access memory. 
Th is  apprcact; a l lows us to havs access t o  any p o i n t  i n  t h e  image 
Th is  i s  equ iva len t  t o  having 
Another major problem on ly  l i g h t ! y  touc%d upon  i s  t h a t  of unscrambling over- 
lapping of j u s t  touchipg chromosomes. 
chromosomes i a  as fo l lows.  The densi ty  sca ie  t h a t  we a re  us ing covers a range of 
2.4 o p t i c a l  dens i ty  u n i t s  above basic badkground dens i ty  of  t h e  s l i d e .  These 
2.4 zptlca! density u n i t s  a r e  d iv ided i n t o  256 l i n e a r  and equal segments. I f  
two chromosomes a re  over lapping t h e  nei- dens i ty  should be equai To The sum of the 
two d e n s i t i e s  of t h e  two chromosomes, Should t h i s  be t h e  case a l i n e a r  gray 
The technique of unscrambling over lapping 
.. 
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sca le  should prove t o  be t h e  e f f e c t i v e  way t o  handle t h e  problem. 
We a r e  conf ident  a t  t h i s  t ime t h a t  although t h e  automatic karyotyp ing opera- 
t i o n  i s  d i f f i c u l t  it i s  poss ib le  when each chromosome of the  c e l l  i s  d isc re te .  
Therefore, if we were look ing a t  n o n a l  aod t e c h n i c a l l y  ideal  chromosome pat te rns  
only ,  we would have a very good p r o b a b i l i t y  of making a machine capable of per- 
forming t h i s  func t i on  w i thout  numar! in tervent ion.  However, unscrambling crossed 
or touch ins  but, otherwise normal chromosomes and i d e n t i f y i n g  them by t h e i r  In- 
d i v i d u a l  forms may n o t  be possible. It may be necessary for  t h e  program t o  c u l l  
o u t  a l l  seemingly a t y p i c a l  forms for human f i n a l  decision. 
Th is  i s  n o t  a rea l  d i f f i c u l t y  since we a re  n o t  as i n te res ted  i n  simply pro- 
cessing t h e  normal c e l ! s  i n  any event as we are  i n  f i n d i n g  t h e  abnormal ones 
con ta in ing  morphologica l ly  d i s t o r t e d  o r  damaaed chromosomes. 
f o r  t h e  p rove rb ia l  needles i n  +he haystack. I f  our  system can f i n d  a l l  of them 
and present  them for  3ur examinatiop au tonat ica l l y ,  and rap id l y ,  we can evaluate 
t h e i r  s i g n i f i c a n c e  from a b i o l o g i c  standpoint mlich more e a s i l y  than our  present  
manual meihods permi t .  
Thits, we a re  look ing 
1 I I. Auxi I l a r y  func t i ons  o f  the  system 
1 .  
2. 
3.  
4. 
The p rec i s ion  f l y i n g  spot  scanning system i s  capable of conver t ing  
p h o t q r a p h i c  in format ion i n t o  a computer c w p a t i b l e  form. 
The complex microscope, although designed p r i m a r i l y  for  automatic 
operat ion,  can be used i n  both a semi-automatic and a completely manual 
mode. 
typed i n t o  t n e  computer. The computer : r i l l  then au tomat ica l l y  p o s i t l o n  
i-he p la ten  and t h e  r a d i a l  a m s  t o  t h e  g iven coordinates. Focussing can 
then be c a r r i e d  o u t  i n  e i t h e r  ar. automatic or  manual mode. A cornpletely 
manual mode of operat ion can be c a r r i e d  o u t  by c o n t r o l s  i n  easy reach of 
t h e  operator. 
The system has been so designed as t o  pe rm i t  complete reviewing of 
data obtained i n  t h e  automatic mode. 
every c e l l  t h a t  1s analyzed. I n  add i t ion ,  t h e  coord ina te  !oca t lon  of 
every c e l l  t h a t  i s  analyzed i s  t o  be recorded on a p r i n t e d  page so t h a t  
t h e  c e l l  may be viewed by a human obsarver i f  desired. 
I n  t h e  semi-automati: mode, t h e  des i red  coord inates a r e  simply 
Photographs a r e  t o  be taken of  
When t h e  system has been fully assembled and should t h e  chromosome 
recogn i t ion  problem be adequately solved, then a d d i t i o n a l  work should be 
urtdertaken t o  improve t h e  a b i l i t y  t o  c l a s s i f y  c e l ! s  us ing +he coherent 
l ighl- system ra the r  than the incoherent l i q h t  system. 
q u i r e  t h a t  t h e  s p a t i a l  f i l t e r i n g  systw.  be rep lsced by a device such 
as an image d isec tor .  Th is  device i n  con junc t ion  w i t h  t h e  computer 
could then analyze t h e  coherent l i 9 h t  pa t te rns  f o r  s a l i e n t  fea tures  of 
t h e  m i t o t i c  cells. 
o the r  b i o l o g i c a l  specimens. Th is  would g i v e  us a powerful research 
tool i n  t h e  i n v e s t i g a t i o n  of o t h e r  b i o l o g i c a l  and medical Droblems. 
Th is  would re- 
Th is  technique can a l s o  be extended t o  observe 
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APPEflD I X 
Computer: - PDP-7 Manufactured by t h e  D i g i t a l  Equipment Corporation 
Word length - 18 b i t s  
Memory - 8192 words; cyc ie  i-fm 1.75 psec. 
Add i t i on  t i n e  - 3.5 p sec. 
D i v i s i o n  time - 9.1 y sec. 
M u l t i p l i c a t i o n  t i n e  - 6.1 see. 
Optionai Equipment 
* I .  Expanded memory ( 4 K  stand2rd t 4K x i d i t l o n a l )  
**2. Extended a r i t h m e t i c  element 
3. Expanded I /o  device s e l e c t o r  and in fo rmat ion  d i s t r i b u t o r  
4. Two 8 - b i t  successive approximation type  snalog t o  d i g i t a l  conver ters  
(See note I )  
8 5 .  Two IBM t y p e  727 magnetic tape u n i t s  
6. Contro l  u n i t  for magnetic -tape u n i t s  (See no te  2) 
* Purchased from D i g i t a l  Equipment Corporat ion 
A G i f t  from IBM 
** G i f t  f rom D i g l t a l  Eauipment Corpcration 
Ncte I: 
Nofe 2: 
Constructed a t  Un ive rs i t y  o f  P i t t sbu rgh  u s i r y  DEC f l i p - c h i p  modules 
Constructed a t  Un ive rs i t v  o f  P i t t sbu rgh  usina 2EC system modules 
i n  e d d i t i o n  t o  some special c i r c u i t r y  
U l t ra -Prec is ion  F l y i n g  Spot Scannlng S y s - k m  - 
1 .  Operational Features 
GEOMETRY 
4096 X 4096 computer addressable p o i n t s  
2048 X 2048 unique addrassable points 
Maximum r a s t e r  s i z e  13.082 X 8.082 cm. 
Spot diameter: minimum - 20 p ( h a l f  amplitude?) a t  cen ter  of screen, 
never more than 30 ( h a l f  ampli tude) a t  any po in t .  Spot diameter 
can be enlarged on command by t h e  computer 
Spot i n t e n s i t y :  con t r c f l ed  by :-bit code from t h e  computer 
Dynamic co r rec t i on :  
Automatic g r i d  l i n e  generation on command from t h e  computer 
h igh  carder 8 - b i t  co r rec t i o r l  t o  both foci is and 
p o s i t i o n  by wired hybr id  l o g i c  
1 I .  Sybsystem Descr ip t ion  
A. Cathode ray tube - L i t t o n  micropix  model L-4123 w i t h  p - l l  phospi tor ;  
8.  Dnf!ection system - manufactured by Constrant ine Engineering Laboratory 
1 .  Cef lec t i on  a m p l i f i e r :  Model No. DAPP3N - 2520 
phosphor moise - + 5& 
(Celco) Mahwah, New Jersey 
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a: Sensitivity: 1.0 volts input = 2.0 amps output 
b. Linearity: 0.05$ 
a. Sensitivity: I.Ovolts input + 1.0 amps output 
b. Linearity: 0.25% 
2. Focus amp1 I f  ier: bbdel No. I-DA-DP29 
3. Micro positioners - Model No. -C1628-2 
4. Centering coi ls  - Plodel No. KC 430-S320 
5. Focus coi I - Model E!o. -HAF 334-3201 560 
a. Static focus coil - R= 63.0 ohms; L= 517 M.H. 
b. Dynamic focus coil - R = 1.21 ohms; L = 253 M.H. 
6. Deflection yoke - Model No. HAD 428 - S570 
C. Power- Supplies 
25KVOC anode supply - Walden Electronics Model 54% 
2KVDC second grid supply - Keithley Instruments Model 242 
2OOV3C Slrst grid supply - Kepco. tnc. :bdel SM-325--0.5M 
30VDC defiectiea amp. supply - Kepo, inc. Moc'ef KSM-36-fP94 
IOVDC ladder network reference supply - Walden Electronics Mode! 543A 
-15, + I-VDC logic power supply - Digital Equiplnent MQdeI 728 
+20, -20VDC operational amp. supply - not selected at this time 
+15, -15VDC opera-i-ional amp. supply - not selected at this time 
D. Control logic and interface of analog and digitat devices 
Digital: Flip-chip modules - Pigital Equipment Corporation 
Mounting pariels - Digital Equipment Corporation 
Ana log : Operat ion3 I amp I i f i ers - a. Nexux Mode 1 FSK-6 
Special circuits and circuit modifications are designed and built when 
necessary by the Radiation Physics and Engineering group of the Radiation 
Medicine Department at Presbyterian-University Hospital. 
b. Analog Cevices - not selected 
E, Cabinets: Gigital Ecuipment Corporation - Models CAB-5 and CAB-6 
Automat i c Mi croscope 
1 .  Electro-Mechanical 
A. Rotating platen drive and encoder 
1 .  20 rpm synchronous motor 
2. Step motor - United Shoe Model HDUM-16-17? 
3. I0 : l  and 2OO: l  gear ratios between step motor and piaten, Computer 
4. 
Slide a m  assembly drive and encoder 
I .  Step-motor - United Shoe Model HDUM-16- 172 
2. Gear ratio between motor and slide is fixed 
Selectable 
17-bit absolute angle encoder with Gray Code output Wayne George 
Model No.Rt!-I7 
B. 
3 .  1CI-L I L u !.L I absoi u+e 1 e eijc~&r- ~ i f h  c&e 9 i ; tp i ; t  \,!a~fie Gecrge 
Model No. RE-12 
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C. Focus assembly d r i v e  and encoder 
I .  Stepmotor  - United Shoe Model HDtlM-16-I72 
2. Piezo e l s c t r i c  c r y s t a l  
3. Gear r a t i o  between motor snd focus assembly i s  f i x e d  
4. 12-b i t  S t r G b 9  type s h a f t  encoder Nayne Gsorge ' M e 1  No. RI-12827 
I I .  Elect ro-Opt ica l  
A. L i g h t  sources 
I .  He1 ium-neon laser  - JMW, 6328A Perk in  Elmer Model No. 5200 
2. Cathode ray tube - 5" L i t t o n  Ir?odel LSi23 
3. Tungsten iamp 
8 .  Coherent l i g h t  path 
f .  Helium-neon laser  
2. Flagnifying o p t i c s  - IOOOX 
3. Beatn s p l i t t i n g  m i r r o r  
4. 
5. L l g h t  d i f f t i s e r  
6. V u l t i p l i e r  photo tube ECA type C70042CPl 
Spat ia l  f i l t e r s  - frequency and band w id th  can be manually changed 
C. Incoherent l i g h t  path for f l y i n g  spot scanninq o f  t h e  microscclpe slide 
I. Demagnifying o p t i c s  1/375X 
2. Beam s p l i t t i n g  
3. Data channel - sta ined rnicrclsccpe s l i d e  
4. L i g h t  d i f f u s e r  
5 .  
Reference channel - c l e a r  microscope s l i d e  
M u l t i p l i e r  photo tube RICA t y p a  8575 
D. Incoherent l i g h t  Fath for i;hotograph o f  CRT face 
1 .  Demagnifying op t i cs  - 1/3X 
2. 
3 .  
4 .  
fVovabls f r o n t  surface m i  rror - computer operated 
Camera shu t te r  - c o m y t e r  operated 
F i l m  advance - compuf-er operated 
E. Incoherent l i g $ t  path ?or ahctograph o f  micrrjsccjpe f i e l d  o f  view 
1 .  Tungsten lamp source 
2. Kagni f  i c a t i o n  o p t i c s  - IOOOX 
3. 
4. 
5. 
Wivab 1 e f r o n t  surface m i  r r o r  - computer operated 
Camera s h u t t e r  - computer operated 
Fi lm advance - c m p u t e r  opereted 
F. Incoherent l i g h t  path for observat ion station 
1 .  Tungsten lamp source 
2. Magn i f i ca t ion  o p t i c s  - IOOOX 
3.  MovabIs f r o n t  sur face v i r r o r  - manual o r  au tomat ica l l y  operated 
I l l .  Operational Features 
A. Pla ten  w i l l  accommodate up t o  s i x  1 "  x 2'' microscope slides and conta ins 
c a l i b r a t i o n  pa t te rns  f o r  system t s s t i n g  
B. Speed 
1 .  Minimum scan t ime - 25 minutes 
2. Maxirnum scan t ime - determir?ed by number o f  c e l l s  t o  be observed and 
type o f  ana lys is  t c  be performed 
c 
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C. 2ata rwiw by human ohserva- 
1 .  F u i l y  aui-omatic 
2 .  Automatic exceot f o r  focus 
3.  Kanuaily positioned and focused by electricalls operated pos i t i one rs  
D. Data ou tpu t  
I. Photograph 
2. 
3. Data i n  reduced form fo r  complete ana lys i s  a t  a later t ime or by 
Complete computer analys is  - resu!ts given on printed page 
another cornputor 
